A study consisting of two trials was conducted to determine the effects of monensin on the apparent absorption and retention of magnesium (Mg), phosphorus (P), calcium (Ca) and zinc (Zn) and to determine mineral changes in tissue and ruminal fluid. Eight lambs (39 kg) were used in trial 1, and 10 lambs (37 kg) were used in trial 2. Animals were blocked by weight and fed a high concentrate diet with or without 20 mg/kg monensin. 
Introduction
Monensin, a carboxylic ionophore, increases feed efficiency in cattle and sheep fed high concentrate diets and increases live weight gain when fed to grazing cattle. These performance improvements are partially due to an energetically favorable shift in ruminal fermentation, in which the acetate.-propionate ratio is decreased. However, the increase in propionate production alone cannot account for the increase in feed efficiency and rate of gain attributed to monensin supplementation (Bergen and Bates, 1984) .
As an ionophore, monensin's basic effect is to facilitate the passage of ions across cell membranes. Monensin has a strong affinity for sodium (Na) and potassium (K), increasing Na concentration within the cell, while increasing K concentration outside the cell (Pressman, 1976) and increasing the activity of the Na-K pump (Smith and Rozengurt, 1978) . The ionophore has been demonstrated to increase the K requirements of broiler chicks (Charles and Duke, 1981; Cervantes et al., 1982) , although monensin has been shown to have no effect upon their Na requirement (Hurst et al., 1974; Damron and Harms, 1981) . Starnes et al. (1984) reported monensin increased the apparent absorption of Na, magnesium (Mg) and phosphorus (P) and increased the retention of Mg and P in steers. Monensin has also been shown to increase the apparent absorption and retention of K and decrease the retention of Na in lambs (Kirk et al., 1985) . The objectives of this study were to determine the effects of monensin on Mg,
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Materials and Methods
Magnesium, Ca, P and Zn metabolism and tissue concentrations were determined in the lambs used by Kirk et al. (1985) .
Eight wethers (39 kg) in trial 1 and 10 wethers (37 kg) in trial 2 were blocked according to weight (two lambs/block) and fed a high concentrate diet (table 1) with or without 20 mg/kg monensin (fed as Rumensin| Trial 1 consisted of an 18-d diet adjustment period, followed by a 10-d stall adjustment period and a 12-d collection period. Trial 2 began with a 21-d diet adjustment period, followed by a 10-d stall adjustment period and a 12-d collection period. The experimental design, the feeding and management of lambs and the collection of feed, feces, urine, blood, ruminal fluid and tissue samples were as detailed by Kirk et al. (1985) .
Orts and fecal collections were weighed. Feed, orts and fecal samples were mixed thoroughly, sampled and ground through a 1-mm screen for trials 1 and 2. Ground samples were wet-ashed according to the procedure outlined by Sandel (1950) . Urine and ruminal fluid samples were filtered through ashless filter paper before mineral analyses. Duodenal and ileal tissue samples were rinsed thoroughly in double-distilled, deionized water to remove digesta. Duodenal, ileal, heart, muscle, liver, kidney and brain samples were freeze-dried in a shelf-type freeze-drier and ground with a mortar and pestle before wet ashing. Bone samples were cleaned of any soft tissue and dried in a 70 C forced-air oven for 24 h. Samples were then crushed and dried at 70 C for 96 h, ether-extracted and dry-ashed in a muffle furnace at 600 C for 12 h before wet digestion.
Digested samples were analyzed for Mg, Ca and Zn by atomic absorption spectrophotometry. Phosphorus was determined by the colorimetric procedure outlined by Fiske and Subarrow (1925) .
Data were pooled from trials 1 and 2 and analyzed using the General Linear Model (GLM) procedure of the statistical Analysis System (SAS, 1982) . The model statement used in the GLM procedure was: Y =/a + a (trial) + b (block within trial) + c (treatment) + d (treatment x trial).
Results and Discussion
Magnesium, Ca, P and Zn concentrations of the basal diet are presented in table 1. The average daily intakes of Mg, Ca, P and Zn were similar for all lambs in these trials.
Contained in table 2 are the results of the Mg balance data for lambs fed the control diet with or without 20 mg/kg monensin. The apparent absorption of Mg was not significantly altered by monensin supplementation. However, the apparent retention of Mg by the monensin-fed group was increased (P<.05) 52.4%. This increased retention was brought about by nonsignificant trends of increased absorption of Mg coupled with less (P>.10) Mg excreted in the urine of these animals, bringing about a 10.9% decrease (P<.05) in total Mg excretion. These Mg balance results are in agreement with those reported by Starnes et al. (1984) , who found both Mg absorption and retention increased when steers were fed monensin. Monensin's ability to drive the Na-K pump (Smith and Rozengurt, 1978) may be responsible for increased absorption of Mg through the Na-K-ATPase-dependent Mg absorption mechanism proposed by Martens et al. (1978) . The increased absorption and retention of Mg seen in this study and in previous research with steers (Starnes et al., 1984) suggest that monensin may aid in the prevention of grass tetany (hypomagnesemia), which is associated with low Mg concentrations in forages and(or) a low availability of ingested Mg. Mean differences in tissue Mg concentrations were not different (table 2) .
No differences were found in either the apparent absorption or retention of Ca for lambs fed the control diet with or without 20 mg/kg monensin (table 3). However, there was a 60.0% decrease (P<.05) in urinary Ca excretion in lambs fed the monensin-supplemented diet. This decreased urinary Ca loss had little impact on overall Ca balance. Previous research has also shown Ca balance in steers to be unaltered by monensin supplementation (Starnes et al., 1984) .
The mean Ca concentrations in tissue and ruminal fluid for the two treatment groups are presented in table 3. Liver Ca decreased (P<.05) 45.4% in lambs fed monensin. These results agree with previously reported in vitro investigations in which monensin was demonstrated to increase Ca ion efflux in rat hepatocytes (Hughes et al., 1980) . Bone Ca concentration also decreased (P<.05) by 2.93% when monensin was fed.
Apparent P absorption increased (P<.05) 35.2% (table 4). The increased absorption led to a 22.6% decrease (P<.05) in fecal P by the supplemented animals. Phosphorus retention was increased (P<.10) 26.8% in monensin-fed lambs. The increased retention resulted from a 12.8% decrease (P<.05) in total P excreted by this group of lambs, despite an increase (P>.10) in urinary P excretion. The increased urinary P loss by monensin-supplemented animals had little effect upon overall P excretion because the majority of absorbed P is excreted as endogenous fecal P. Starnes et al. (1984) also reported that absorption and retention of P increased in steers fed monensin. The P concentrations in tissue and ruminal fluid of lambs fed with and without monensin are shown in table 4. No significant differences in P content were noted when monensin was fed. However, there was a trend toward increased P concentration in the serum with monensin supplementation. Brain P levels tended to decrease with monensin supplementation. These results agree with in vitro investigations using rabbit brain synaptosomes in which monensin inhibited P uptake by dissipating the Na gradient (Salamin et al., 1981) . No change was noted in liver P due to monensin, although Vijchulata et al. (1980) found that liver P increased in steers fed monensin.
The apparent absorption and retention of Zn in lambs fed with or without monensin are presented in table 5. Apparent absorption of Zn increased (P<.01) 50.0% when animals were supplemented with 20 mg/kg monensin. Fecal Zn excretion decreased (P<.01) 16.4% in lambs fed monensin. Differences in urinary Zn excretion were small (P>.10). Absorbed Zn is primarily excreted through the feces (Miller, 1970) , with 25% of endogenous Zn entering the gut through the bile and the remainder probably originating from sloughed intestinal epithelia (Stake et at., 1974) . Therefore, Zn retention is essentially equal to apparent absorption of Zn. Zinc retention increased (P<.01) in the monensin-fed group by 45.0%. Tissue Zn concentrations in this study were unaffected by monensin supplementation (table 5) . However, ruminal fluid Zn was decreased (P<.05) 33.0% in lambs fed monensin.
Naturally occurring Zn deficiencies are rare but have been found in cattle grazing pasture with less than 40 mg/kg Zn (Haaranan and Hypolla, 1961; Mayland, 1975) . Clinical deficiency symptoms are typified by skin and mucus membrane disorders (Blackmon et al., 1967) . However, subclinical effects of Zn deficiency, including depressed growth and feed efficiency, are probably of more importance in decreasing production (Miller, 1970) . Monensin may help overcome a Zn deficiency through its ability to increase the retention of this mineral.
This study and the results of those reported previously indicate that monensin alters the metabolism of several minerals in ruminants. The responses observed in Mg, Ca, P and Zn are probablY indirectly associated with feeding monensin, because monensin's basic effect is to facilitate the passage of monovalent ions through cellular membranes (Pressman, 1976) . Additional investigations in this area are necessary to begin to quantitate changes in mineral needs due to ionophore supplementation , and to elucidate the possible role of ionophore s as a tool in the prevention of mineral deficiencies and(or) toxicities.
